At the Mainz Microtron MAMI, the first high-resolution pion spectroscopy from decays of strange systems was performed by electron scattering off a 9 Be target in order to study the ground-state masses of Λ-hypernuclei. Positively charged kaons were detected by a short-orbit spectrometer with a broad momentum acceptance at zero degree forward angles with respect to the beam, efficiently tagging the production of strangeness in the target nucleus. In coincidence, negatively charged decay-pions were detected by two independent high-resolution spectrometers. About 10 3 pionic weak decays of hyperfragments and hyperons were observed. The pion momentum distribution shows a monochromatic peak at p π ≈ 133 MeV/c, corresponding to the unique signature for the two-body decay of hyperhydrogen 4 Λ H → 4 He + π − , stopped inside the target. Its binding energy was determined to be B Λ = 2.12 ± 0.01 (stat.) ± 0.09 (syst.) MeV with respect to the 3 H + Λ mass.
I. INTRODUCTION
A very interesting phenomenon in nuclear physics is the existence of nuclei containing hyperons. When a hyperon (Y = Λ or Σ) replaces one of the nucleons (N = n or p) in the nucleus, a bound system can be formed by the hyperon and the core of the remaining nucleons. The 4 Λ H nucleus is a heavy isotope of the element hydrogen, in which a Λ hyperon is bound to a tritium core. It was found in early helium bubble chamber [1] and nuclear emulsion experiments [2] [3] [4] [5] . In a ground-state, a Λ hypernucleus decays to a non-strange nucleus through mesonic (MWD) or non-mesonic (NMWD) weak decay modes. By detecting the decay of hypernuclei and measuring the momenta of the decay products, the binding energies of the Λ hyperon, i.e. the Λ separation energy, for a larger number of s-and p-shell hypernuclei were reported in the 1960s and 1970s.
Precise determination of the binding energies of hypernuclei can be used to test the Y N interactions in many-body systems. Contrary to the non-strange sector, where a large data base is used to successfully model the N N forces, the available data on Y N scattering is not sufficient to determine realistic interactions among hyperons and nucleons. Various hypernuclear structure theories exist in which the binding energies of light hypernuclei are calculated, most recent approaches include cluster models and ab initio calculations with the interactions constructed either in the meson-exchange picture or within chiral effective field theory [6] [7] [8] [9] [10] [11] .
Charge independence requires the interaction to be identical for the neutron and proton, whereas charge symmetry requires the nn interaction to be identical to the pp interaction. Charge symmetry breaking (CSB) in the strong interaction occurs because of the mass differences of the quarks in hadronic and nuclear systems. It is manifest in the differences between the level schemes of isospin multiplets. CSB is found to be small at a level of ∼ 0.07 MeV for N N interactions and is predicted by all the current baryonbaryon interaction models to be only ∼ 0.05 MeV for the ΛN interaction without the introduction of artificial effects. The mass A = 4 hypernuclei, Λ He, are members of an isospin T = 1/2 doublet and charge symmetry would predict that their Λ binding energies should be almost equal after correcting for the Coulomb energy difference, calculated to be less than 0.05 MeV [12] . However, their difference was measured to be For the description of the A = 4 system the effects of ΛN − ΣN coupling and threebody ΛN N interactions are of key importance and in some models phenomenological CSB components in the ΛN interaction are the source of the binding energy difference [9] . The models should also be able to reproduce consistently the CSB effects for the T = 1 triplet This Letter presents the first result of the measurement of a hypernuclear ground-state mass from pionic decay spectroscopy in electron scattering. It was demonstrated that the use of high-resolution spectrometers at a high intensity electron beam provides a novel technique to study light hypernuclei.
II. MEASUREMENT TECHNIQUE
In reaction spectroscopy, ground-and excited hypernuclear states can be identified by a missing mass analysis of the incident beam and the associated reaction meson. Since these reactions require stable target nuclei, hypernuclei accessible by these reactions are limited.
The direct reaction spectroscopy of In 2007 the usage of magnetic spectrometers to measure the momenta of pions from two-body decays of light hypernuclei fragmented from the excited states of initially electroproduced hypernuclei was proposed for Jefferson Lab [15] . With large momentum transfer, an electro-produced hypernucleus can have excitation energies above the lowest particle emission threshold and then loose excitation energy through fragmentation, i.e. nucleon or cluster emission. This is a very fast process that can lead to particle-stable hypernuclei in a large range of mass and atomic numbers, including hyperisotopes which are not accessible in missing-mass experiments. MWD takes place at the ground-state of these hypernuclei.
The pion momenta from two-body MWD of the lightest systems (A ≤ 9) stopped at rest are p π ∼ 96 − 138 MeV/c. The mass of a hypernucleus can be obtained from a measurement of p π . Kaons can be tagged to suppress the background from non-strange processes.
III. EXPERIMENT
The experiment was carried out by the A1 Collaboration at the spectrometer facility (see Refs. [16, 17] for a detailed description of the spectrometers) at the Mainz Microtron MAMI-C, in Germany, with a 1.508 GeV electron beam incident on a 125 µm thick and 54 
IV. DATA ANALYSIS
The pion momentum, its direction and the reaction vertex were reconstructed from the focal plane coordinates using the well-known backward transfer matrices describing the spectrometer optics. The momenta of the outgoing pions were corrected for energy-loss inside the target, a few cm thick of air, and two vacuum window foils 120 µm thick each.
Kaons were identified by their specific energy-loss dE/dx and velocity β from TOF. was fitted with a single scale factor to a template function bg which was determined by a Monte Carlo simulation including angular and energy dependencies of kaon production in electron scattering off 9 Be. In the simulation, the elementary cross-sections for p(γ, K + )Λ, p(γ, K + )Σ 0 , and n(γ, K + )Σ − were taken from the K-Maid model [19, 20] which describes available kaon photoproduction data. The Fermi-motion effects which modify the elementary cross-sections for the Be target were calculated in the incoherent impulse approximation.
Inside the momentum and angular acceptances this background is dominated by Σ − hyperon decays and the momentum dependence is practically flat.
A localized excess of events over this background was observed inside the region of interest near to p π ≈ 133 MeV/c that is a unique signature for
In the pion momentum distribution of SpekA no localized excesses of counts over the background expectation of quasi-free hyperon decays were found. The region of interest for Systematic differences due to the fitting procedure were estimated by using different probability distribution functions to describe the peak shape, different fit methods (unbinned and binned) and minimizers, different fit regions, and different parameterizations of the background. The most probable momentum for the decay pion peak was within δp < 10 keV/c for all cases. [18] . From the range of kinetic energies of the different hypernuclei the stopping probabilites inside the target could be evaluated using a Monte Carlo simulation:
P stop ∼ 40 % for hyperhydrogen isotopes, 70 − 80 % for hyperhelium isotopes and ∼ 90 % for hyperlithium isotopes. However, in the combined momentum spectrum above 102 MeV/c no two-body decay peak was observed other than from 4 Λ H. One reason is its large total π − decay width, comparable to the free Λ decay width, Γ π − /Γ Λ = 1.00
+0.18
−0.15 , and the relative partial decay width of the two-body mode, Γ π − + 4 He /Γ π − = 0.69 ± 0.02 [27] . These decay widths are larger than for all other known light hyperisotopes.
Detection of the pionic decay of 
